Enhanced stem cell-derived cardiomyocyte differentiation in suspension culture by delivery of nitric oxide using S-nitrosocysteine.
The development of cell-based treatments for heart disease relies on the creation of functionally mature stem cell-derived cardiomyocytes employing in vitro culture suspension systems, a process which remains a formidable and expensive endeavor. The use of nitric oxide as a signaling molecule during differentiation has demonstrated the potential for creating increased numbers of spontaneously contracting embryoid bodies in culture; however, the effects of nitric oxide signaling on the function and maturation of stem cell-derived cardiomyocytes is not well understood. In this study, the effects of nitric oxide on mouse embryonic stem cell-derived cardiomyocyte contractile activity, protein, and gene expression, and calcium handling were quantified. Embryoid bodies (EBs) formed using the hanging drop method, were treated with the soluble nitric oxide donor S-nitrosocysteine (CysNO) over a period of 18 days in suspension culture and spontaneous contractile activity was assessed. On day 8, selected EBs were dissociated to form monolayers for electrophysiological characterization using calcium transient mapping. Nitric oxide treatment led to increased numbers of stem cell-derived cardiomyocytes (SC-CMs) relative to non-treated EBs after 8 days in suspension culture. Increased incidence of spontaneous contraction and frequency of contraction were observed from days 8-14 in EBs receiving nitric oxide treatment in comparison to control. Expression of cardiac markers and functional proteins was visualized using immunocytochemistry and gene expression was assessed using qPCR. Cardiac-specific proteins were present in both CysNO-treated and control SC-CMs; however, CysNO treatment during differentiation significantly increased βMHC gene expression in SC-CMs relative to control SC-CMs. Furthermore, increased calcium transient velocity and decreased calcium transient duration was observed for CysNO-treated SC-CMs in comparison to control SC-CMs. Soluble nitric oxide donors, including S-nitrosocysteine, have advantages over other bioactive molecules for use in scalable culture systems in driving cardiac differentiation, since they are inexpensive and the diffusivity of nitric oxide is relatively high. By enabling maintenance of spontaneous contraction in suspension culture and progressing electrophysiological function of resulting SC-CMs toward a more mature phenotype, long-term application of S-nitrosocysteine was shown to be beneficial during cardiac differentiation. Taken together, these results demonstrate the efficiency of nitric oxide as a signaling compound, with implications in the improvement of pluripotent stem cell-derived cardiomyocyte maturation in large-scale culture systems.